and recovers during the inter-episode interval, presumably due to the action of NKCC1.
INTRODUCTION
Spontaneous neural activity is a characteristic of developing networks in several different vertebrate animals (for reviews see O'Donovan 1999; Ben-Ari 2001 , 2002 and is believed to play an important role in neural and network development (Milner and Landmesser 1999; Hanson and Landmesser 2004; Casavant et al. 2004 ). In the spinal cord of E10-E12 chick embryos, spontaneous activity occurs as recurring rhythmic episodes ~1 min in duration that are followed by longer (up to 10-15 min) inter-episode intervals (Landmesser and O'Donovan 1984) . During these rhythmic episodes, flexor and extensor motoneurons alternate their discharges, in a manner resembling locomotion in the mature animal (Landmesser and O'Donovan 1984) . At E10-E12, chloride-mediated GABAergic transmission is an important component of the rhythmic synaptic drive to ventral horn neurons during spontaneous episodes (Sernagor et al. 1995) . In the chick embryo (Chub and O'Donovan 2001) , as in other developing vertebrates (Gao and Ziskind-Conhaim 1995; Serafini et al. 1995; Rohrbough and Spitzer 1996) , GABA depolarizes spinal cord neurons and is functionally excitatory. This action is the result of high intracellular chloride concentration ([Cl -] in ) which creates an outward driving force for Cl -ions during the activation of GABA-A channels. In the hippocampus, depolarizing GABA-A responses become hyperpolarizing later in development (Ben-Ari et al. 1989; Khazipov et al. 2004) , and this process itself appears to require activation of GABAergic transmission (Ganguly et al. 2001 ). In spontaneously active developing spinal networks,
GABAergic depolarizations periodically trigger intracellular Ca 2+ elevations (O'Donovan
FINAL ACCEPTED VERSION JN-00162-2005 JN-00162- .R1 -4 -et al. 1994 Lev-Tov and O'Donovan 1995; Wenner and O'Donovan 2001) , which are believed to be important for structural development of neurons and the maturation of network connections (Ben-Ari 2002; Demarque et al. 2002; Sernagor et al. 2003) .
Therefore, the short and long term regulation of [Cl -] in during development is of considerable interest.
We have shown previously that [Cl -] in is reduced in ventral spinal neurons after an episode and is restored before the next episode (Chub and O'Donovan 2001) . Because these measurements were made using whole-cell electrodes the intracellular pipette solution will inevitably affect the [Cl-] in . Furthermore, they could only be made infrequently because they required computing the current-voltage relation for locally applied GABA-A agonists. Therefore, in the present work, we have employed a noninvasive optical method to monitor the [Cl -] in changes in spinal motoneurons during spontaneously occurring episodes of activity. For this purpose, we developed a new technique for loading neurons with the Cl --sensitive 6-methoxy-N-ethylquinolinium iodide (MEQ) dye. Traditionally, the use of MEQ requires synthesis of the cellpermeable form of the dye -DiH-MEQ -which is then bath-applied to label neurons (Biwersi and Verkman 1991) . In the present work, we retrogradely loaded MEQ into motoneurons by applying the dye to the cut ends of muscles nerves. This method has the advantages of labeling a specific cell population and not requiring an initial reduction reaction to render the dye cell-permeant.
We have used the technique to resolve [Cl -] in changes in motoneurons in response to bath application of the GABA-A receptor agonist isoguvacine, bumetanide a Na + /K -
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METHODS
Fertile White Leghorn chicken eggs from a local supplier were incubated at 37. CO 2 to pH 7.4-7.5). The dissection technique was similar that used in earlier studies (Landmesser and O'Donovan 1984; Chub and O'Donovan 2001 ) and therefore will be described only briefly. The embryo was pinned to the Sylgard-covered bottom of the dissection chamber. After the embryo was eviscerated and a ventral laminectomy was performed. A portion of the thoracic and all the lumbosacral part of the spinal cord (T4-LS8) with the sartorius (SART) and femorotibialis (FEM) motor nerves was dissected from the vertebral column and hind limb muscles. All dorsal roots were cut to eliminate labeling of afferent terminals. The dura and pia mater were removed close to the lateral edge of the spinal cord to improve visualization of the labeled motoneurons.
In the initial experiments, we used bath-loading of the cell-permeable chloridesensitive MEQ dye (Biwersi and Verkman 1991) . MEQ dye is a largely cell-impermeant organic compound, which exhibits a maximum emission at 420 nm in response to The electrical activity from motor nerves was recorded together with the optical activity and synchronized by recording the opening and closing of the electronic shutter.
Recordings from SART or FEM nerves were made using plastic suction electrodes connected to differential amplifier (AI402 SmartProbe, Axon Instruments Inc). Signals were filtered (DC -2 kHz or AC 0.1 -2 kHz, Cyber Amp 380), digitized (DigiData 1322A) and analyzed with pCLAMP 9 software (Axon Instruments Inc). Rhythmic motor activity occurred spontaneously in Tyrode's solution warmed to 27-29°C.
In some experiments, we used a "low Na + " bath solution, which comprised in Tyrode's solution, but higher osmolarity. Therefore for these experiments, 40 mM sucrose was added to the control Tyrode's solution to minimize the osmolarity difference between control and "low Na + " solutions. Images were obtained with confocal microscopy using a four channel 2-photon (Chameleon, Coherent) 510META (Carl Zeiss, Germany) confocal microscope equipped with 3 single photon lasers (488, 543 and 633nm). Images from sections containing three fluorochromes (MEQ, Texas-Red Dextran and ChAT), were acquired by multi-tracking.
The MEQ dye was excited with the 2-photon laser-locked mode at 720 nm and images acquired with a 390-465 nm filter. Texas Red Dextran was excited with a 543 nm laser and acquired with a 565-615nm filter. ChAT immunoreactivity was excited with a 633 nm laser and acquired with a 650-710 nm filter.
Chemicals were purchased from SIGMA (USA), unless otherwise mentioned.
Drugs were prepared as a 10 mM stock solution in distilled H 2 O and were applied to the
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Statistical analyses were performed by t-tests and a significant difference was assumed when P < 0.05.
RESULTS
Six spinal cords were retrogradely co-labeled with MEQ and Texas Red Dextran 
FIGURES 1 and 2 NEAR HERE
We found that the motoneuronal fluorescence progressively declined over several hours. To quantify this change, we measured the fluorescence every 5 min using brief illumination (600 ms) to minimize dye bleaching. Figure 3 shows an example of the decay of the MEQ fluorescence measured over the somas of motoneurons during the 7 h recording time period. In this experiment, the decay was well fitted with a single exponent (Fig. 3B ). Fluorescence decay during shorter time periods (~1 h) could be
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-11 -linearly approximated (Fig. 3B, insert) . The average time constant of fluorescence decay measured over a 7 h period in 4 experiments was 0.31+0.04 h (n = 6, 4 exp). The decay rates measured from linear fit for short time intervals (~1 h) were 14.5 + 1.4% h -1 for the first 3 h and 5.1 + 0.6% h -1 for the next 4 h (n = 6, 4 exp; P < 0.05). We attribute this fluorescence decline to a gradual leakage of the MEQ dye from the labeled cells (Biwersi and Verkman 1991). We found that bath-application of 100 µM GABA-A agonist isoguvacine for 10 min, in the presence of 0.5 µM tetrodotoxin (TTX) to block presynaptic effects, led to an increase of MEQ fluorescence and a depolarization of the MEQ labeled motoneurons that was recorded from the muscle nerve (Fig. 5) . Because MEQ dye is quenched collisionally by neuronal Cl -ions, an increase of the dye fluorescence corresponds to an reduction of 
-14 - -18 -soma. Finally, it is possible that the density of Cl -transporters might be different on the dendrites and on the soma, which could be investigated using immunocytochemistry.
Additional progress in understanding the spatial distribution of [Cl -] in requires the use of more sensitive chloride dyes, and more sophisticated imaging that afforded by twophoton confocal microscopy (Marandi et al. 2002) . In comparison with patch-clamp recording, Cl-dependent changes of MEQ fluorescence are relatively small. As a result, some important neural network events like local [Cl -] in changes after quantal GABA release (e. g. spontaneous miniature postsynaptic currents) remain beyond detection using the MEQ dye. Future studies may benefit from the additional sensitivity and spatial resolution offered by confocal microscopy.
In conclusion, our data show that the neuronal Cl -out-flow during an episode exceeds the inwardly directed neuronal Cl -transport capacity. Therefore, after On the bottom is control measurement of the background fluorescence from a nonneuronal area (black line). Note that while the somatic fluorescence changes are smaller
